Introduction
Although some writers stand behind their desk using pen and paper, most will do their work sitting on a chair looking at a screen. To sit too long and too often results in physical complaints and obesities, which we need to combat by doing regular exercise. Vermaete et al. (1) provide some relief to those who sit like me, looking at slides with lymphomas and writing about lymphomas and who are having too little exercise: at least it does not result in an increased risk to develop a lymphoma. Combining data from seven case-control studies and five cohort studies, they showed that no significant influence of lack of physical activity on risk of lymphoma development is present, neither for Hodgkin lymphoma nor for non-Hodgkin lymphoma. This gives me some confidence that writing this review at least does not lead to a lymphoma.
Biology of lymphoma
The journal Science indicated that immunotherapy is the most important scientific breakthrough from 2013. Indeed, we see a lot of new data arising in this area, and a prime example is targeting the programmed cell death ligand 1 (PD-L1) interaction in melanoma. Obviously, this pathway is analyzed in other malignancies too, and Chen et al. (2) find that PD-L1, an immunomodulatory molecule expressed by antigenpresenting cells, can be expressed not only by macrophages but also by Reed-Sternberg cells of different types of classical Hodgkin lymphoma (cHL) and malignant B cells in primary mediastinal large B cell lymphoma, T cell/histiocyte-rich B cell lymphoma, EBV-positive and EBV-negative posttransplant lymphoproliferative disorders (PTLD), EBVassociated diffuse large B cell lymphoma (DLBCL), plasmablastic lymphoma, and HHV8-associated primary effusion lymphoma. In contrast, neither the malignant nor the nonmalignant cells of nodular lymphocyte-predominant HL, DLBCL not otherwise specified, Burkitt lymphoma, and HHV8-associated Kaposi sarcoma expressed PD-L1. It might therefore be interesting to target PD-L1 also in some types of B cell lymphoma.
The important role of microRNAs (miR) in regulating gene expression is becoming more and more clear. Especially, since miR can be detected relatively easy in formalin fixed paraffin embedded (FFPE) tissue, there is a large amount of studies investigating miR expression in tumors (see also below in "Prognostic factors in lymphoma"). It was previously shown by Leucci et al. that miR deregulation might have the same effect as a MYC translocation (3). Jin et al. (4) show that mice with MYC amplification only develop lymphoma in case both alleles of miR-17∼92 are intact and that B cell specific transgenic miR-17∼92 mice develop lymphomas even without a MYC alteration. They further show that miR-17∼92 drives lymphomagenesis by suppressing the expression of multiple negative regulators of the PI3K and NFκB pathways and by inhibiting the mitochondrial apoptosis pathway; chemical inhibition of either pathway reduced tumor size and prolonged the survival of lymphoma-bearing mice.
Based on expression, profiling DLBCL is now commonly divided into two groups with different outcomes: germinal center (GC)-derived DLBCL, driven by addiction to BCL6 and activated B cell; (A) subtype, driven by nuclear factor κB. In the GC subtype, deacetylation of BCL6 is required for its transcriptional repressor effects allowing for the oncogene to drive lymphomagenesis. Amengual et al. (5) treated DLBCL cell lines with pan-DAC inhibitors in combination with niacinamide, which produced synergistic cytotoxicity in GC and not in A subtypes. This combination also produced remissions in a spontaneous aggressive B cell lymphoma mouse model expressing BCL6. In a proof-of-principle clinical trial, 24 % of patients with relapsed or refractory lymphoma attained a response to vorinostat and niacinamide, and 57 % experienced disease stabilization. Pfeiffer et al. (6) looked also at the molecular mechanisms that drive the two subgroups of DLBCL. They determined the expression of the tumor suppressor phosphatase and tensin homolog (PTEN) in 248 primary DLBCL patient samples. There was loss of PTEN in 55 % of the GCB-DLBCLs, whereas this abnormality was found in only 14 % of A-DLBCL patient samples. In GCB-DLBCL cellines and patient samples, loss of PTEN was correlated with activation of the PI3K/protein kinase B (AKT) pathway, whereas reexpression of PTEN induced cytotoxicity by inhibiting PI3K/AKT signaling and downregulation of the transcription factor MYC. Reexpression of MYC rescued GCB-DLBCL cells from PTEN-induced toxicity, identifying a regulatory mechanism of MYC expression in DLBCL. Pharmacologic PI3K inhibition resulted in toxicity selectively in PTEN-deficient GCB-DLBCL lines. These results indicate that PTEN loss defines a PI3K/AKT-dependent GCB-DLBCL subtype that is addicted to PI3K and MYC signaling and suggest that pharmacologic inhibition of PI3K might represent a promising therapeutic approach in these lymphomas. Both studies indicate that it does not suffice to subclassify DLBCL but that it is even more important to determine the altered molecular pathways that can be targeted by specific therapy.
It is still a puzzle why some translocations occur and others not. Chaumeil et al. (7) addressed this by analyzing the aberrant rearrangements that occur in ataxia telangiectasia, which are thought to occur due to lack of repair. They show that a defect in feedback control of RAG2 activity gives rise to bilocus breaks and damage on TCRa/d and IgH in the same T cell at the same developmental stage. Both the RAG2 Cterminus and ATM prevent bi-locus RAG-mediated cleavage through modulation of three-dimensional conformation and nuclear organization of the two loci, an important mechanism for protection of the genomic integrity.
Not only mouse models and cell line work lead to better understanding of lymphomas. Detailed knowledge of gene expression enables to map the pathways that are altered in human lymphoma samples. Kimura et al. (8) performed a clever gene expression analysis in 15 mantle cell lymphomas (MCL) of different stages of aggressiveness: in situ MCL, classical MCL, intermediate cases, and blastic MCL. To identify genes involved in initiation, they compared the tumor cells of MCL in situ (n=4) with normal mantle zone B lymphocytes (n=4); for genes contributing to transformation, they compared the different groups of MCL. A significant number of genes belonging to the Wnt signaling pathway were involved in initiation. Transformation was associated with genes of the p53 interaction network (CDC2, BIRC5, and FOXM1).
Although the use of combination antiviral therapy (HAAR T) in HIV-infected individuals reduces the occurrence of AIDS-related lymphomas, these are still common. Liapis et al. (9) studied the microenvironment of AIDS-related lymphomas that occurred before and after the introduction of HAART, divided them in EBV-positive and EBV-negative groups and compared them with regular DLBCL. Lymphomas in the HAART era had less aggressive morphology and better outcome; MYC rearrangements and EBV were much more common in AIDS-related DLBCL, and EBVpositive cases had increased numbers of vessels and cytotoxic T cells.
Classification of T cell lymphomas remains difficult since there is no underlying theory on which it is based. Grouping of T cell lymphomas with CD30 expression brings cases from different WHO-defined entities into one group. By doing so, Bisig et al. (10) found common expression profiles and immunophenotypes that differed from CD30 negative cases. This result is not surprising because CD30 is a molecule that is associated with activation of several molecular pathways. The suggestion from the authors is that two biological subgroups can be defined on CD30 expression; it is probably more important to look for CD30 expression because this might make the patient eligible for anti-CD30 therapy.
The study of McDonnell et al. (11) also uses expression profiling, and in addition, metabolomics profiling, to study the effect of the nucleophosmin-anaplastic lymphoma kinase (NPM-ALK), the neo-RNA formed by the chromosomal translocation which defines the entity ALK+ anaplastic large cell lymphoma (ALCL). NPM-ALK induces a metabolic shift toward aerobic glycolysis, increased lactate production, and biomass production. The metabolic shift is mediated through ALK phosphorylation of the tumor-specific isoform of pyruvate kinase (PKM2), resulting in decreased enzymatic activity. Small molecule activation of PKM2 or expression of mutated PKM2 leads to reversal of the metabolic shift coincident with increased cell death and reduced tumor growth in an in vivo xenograft model.
Epidemiology of lymphoma
Collecting data from rare cases is an important approach to better understanding. Nowadays, many patients live with therapy-induced immunodeficiency and are at risk to develop lymphoma, especially EBV-associated lymphoproliferations. One of the rarer forms is the immune deficiency-associated cHL type. Loo et al. (12) collected 10 such cases. These cases were all patients with an autoimmune disease, and the patients had been treated with a variety of immunosuppressive agents. By definition, all the cases had the morphology and phenotype of cHL, and eight carried EBV in the tumor cells. All patients had a good outcome after discontinuation of the immunomodulatory drug and chemotherapy. It remains to be studied whether less aggressive therapy like in primary immune-deficiency might be effective as well. Primary cutaneous marginal zone B cell lymphoma (cMZL) is a rare disease as well, but Servityje et al. (13) were able to collect 137 cases. In 121 of the patients (88 %), there was complete remission after initial treatment, but 53 patients (44 %) had a cutaneous relapse (median DFS was 47 months). Patients with multifocal lesions or T3 disease showed higher relapse rate and shorter DFS. Overall survival at 5 and 10 years was 93 %. Only six patients (4 %) developed extracutaneous disease during follow-up. The authors conclude that their results support long-term follow-up in patients with primary cMZL and that further investigation on systemic therapies in patients with disseminated skin lesions is needed. I would argue that an overall survival rate of 93 % at 10 years implies that further improvement is hardly possible and that follow-up is really not needed, so that patients may truly feel cured.
Lymphomas have a variety of genetic alterations, and it is well known that t(14; 18)-positive follicular lymphoma is rare in Asia but common in Europe and North America. Chen et al. (14) investigated the cytogenetic alterations in DLBCL in Chinese and American patients. Using interphase FISH to determine the presence of t(14; 18) and BCL6 and MYC rearrangements and immunohistochemistry to categorize the lymphomas into the GC-or A-DLBCL subtypes, they found that Chinese patients had more often BCL6 rearrangements and gains of 1q and 11q but lower incidence of the t(14; 18) in GCB-DLBCL but not in A-DLBCL (although this conclusions by the authors is a bit strange: there was only one case of t(14; 18) in the total group!). In A-DLBCL, both the Chinese and American patients had often gains of 3/3q and 18/18q. Although it is not mentioned in the abstract, an important difference was that in Chinese patients, only 25 % of the cases was GCB-DLBCL; in the Americans, it was about 50 %. Given the imperfect way by which the Hans algorithm classifies A-DLBCL and GCB-DLBCL, an alternative interpretation could be that there are no differences in genetic alterations in lymphoma subtypes, but there are differences in incidence of lymphoma types between Chinese and American patients, which is well known for other lymphoma types.
Good databases are an endless source for epidemiological studies. Because treatment and outcome changes and improves over time, existing data need to be updated. Especially the introduction of rituximab has altered outcome so much that many articles have arisen that give important new data on outcome and prognostic factors (15) (16) (17) (18) (19) (20) (21) (22) . Link et al. (23) describe the clinical features of 631 patients with newly diagnosed grades 1 to 3a follicular lymphoma (FL). At a median follow-up of 5 years, 79 patients had died, and in 60 patients, the lymphoma had transformed (10.7 %), leading to an estimated rate of 2 % per year. There was more often transformation in patients who had initially no treatment than in patients who initially received rituximab monotherapy (14.4 versus 3.2 %). Median overall survival following transformation was 50 months and was higher in patients with a late transformation. These findings indicate that transformation of FL rates in the rituximab era are lower than reported in older series and that posttransformation prognosis is substantially better.
Lebwohl et al. (24) use their large database of patients with celiac disease (CD) and found that among 7,625 patients with CD, 3,308 (43 %) had persistent villous atrophy in the followup biopsy, but data on dietary adherence were not available. To me, this is a very high number; very different from our own experience in which refractory celiac disease is rare (25) . The overall risk for lymphoma was higher than that in the general population but only among patients with persistent villous atrophy and not in patients with mucosal healing. As expected, the risk to develop T cell lymphoma was increased, not B cell lymphoma. HL used to be diagnosed by morphology alone, which sometimes included a prolonged search. As Dennis Wright used to say: the longer you look for a Reed-Sternberg cell, the weaker the criteria will get. With immunohistochemistry, we do not need to look for these cells anymore, but I still like to see them and waste some time on the search. We have now a good panel that helps to identify HL, but some cases with abnormal staining pattern remain. According to Tang et al. (27) , insulin-like growth factor II mRNA-binding protein 3 (IMP3) is a good marker for Hodgkin and Reed-Sternberg cells. IMP3 is ubiquitously expressed in embryos, mediating organogenesis, RNA trafficking, and cell growth, and is downregulated in adult tissue. IMP3 has recently been shown to be overexpressed in some malignant epithelial neoplasms and to be a useful diagnostic and/or prognostic biomarker for several carcinomas. They found expression in 80/81 with 72.8 % (59/81) of the tumors showing strong, diffuse cytoplasmic staining. This was more than CD30 (82.7 %, 67/81), CD15 (65.4 %, 53/81), PAX5 (84.0 %, 68/81), and MUM1 (85.2 %, 69/81). This is to me a worrying result: I find it extremely difficult to diagnose HL in case CD30 is negative. Since data on mimics of HL and other lymphomas are lacking, the conclusion by the authors that IMP3 may be a useful diagnostic marker of Hodgkin lymphoma, helping to improve diagnostic accuracy for this malignancy is not substantiated by the data.
B cell lymphomas
Extranodal marginal zone lymphomas (eMZL) have the unique feature that some of them are related to microorganisms. In a part of the ocular eMZL, Chlamydophila psittaci can be found, and antibiotics can cure these patients. Zhu et al. (28) looked at 45 cases without identifiable microorganisms for chromosomal translocations as well as CARD11, MYD88 (L265P), and A20 mutations/deletions. The translocations t(14; 18)(q32; q21) IGH-MALT1 and t(11; 18)(q21; q21) API2-MALT1 were not detected in any of the analyzed tumors, while three tumors harbored IGH translocations to an unidentified partner; also CARD11 mutations were not found, and the MYD88 L265P mutation was detected in three (6.7 %) tumors. A20 mutations and deletions were detected in seven (15.6 %) and six (13.3 %) tumors, respectively. Therefore, the observed genetic aberrations could account for the activation of the nuclear factor (NF)-kB signaling pathway in only a minority of the cases, which makes them distinct from other MZL.
An et al. (29) add another article to the series that exists on t(11; 14) multiple myeloma (MM) because the data in the literature are so variable. In their 350 patients with various plasma cell malignancies, including newly diagnosed MM (NDMM, n=253), relapsed/refractory MM (RRMM, n=77), as well as primary and secondary plasma cell leukemia (PCL, n=10 and n=10, respectively), they found a remarkably higher frequency of t (11; 14) in the PCL than in the NDMM (in contrast to most literature, and it is well known that in MGUS, t(11; 14) can be found). As it is well known, t(11; 14) MM group was associated with a significantly higher positive rate of B-lineage-associated antigens CD20 and CD79a but also the lack of CD56 expression. Patients with t(11; 14)-positive NDMM had a comparable outcome as the negative cases. Patients receiving bortezomib-based treatment who had t(11; 14) positivity without CD20 expression had a significantly shortened PFS (11.0 versus 43.0 months, p=0.005) and OS (16.5 versus 54.0 months, p=0.016) compared to patients with CD20 positive MM. However, the numbers are relatively small. It is doubtable that this article will settle the debate on the prognostic and/or predictive impact of t (11; 14) in MM.
T cell lymphomas
The classification of peripheral T cell lymphomas (PTCLs; ie, PTCL not otherwise specified [ After profile discovery in a training set, they were able to separate very well AITL and ALK-negative ALCL from PTCL NOS with overall accuracy of 77 % for AITL and 93 % for ALKnegative ALCL. The classifier predicted outcome better than the pathological classification. The authors conclude that the usage of their approach can be used as additional tool in the diagnostic workup of nodal PTCL. If they had been really confident in their data, the conclusions should have been that they found a molecular classifier that is better than the (as the authors state) poorly reproducible WHO classification for T cell lymphomas and therefore should replace expert pathologist classification.
Liu et al. (31) used miR profiling to find differences between 33 ALK positive and 25 negative ALCL, 9 AILT, 11 PTCL-NOS, and normal T cells. ALCLs express many of the miRNAs that are highly expressed in normal T cells with the prominent exception of miR-146a. Unsupervised hierarchical clustering demonstrated distinct clustering of ALCL, PTCL-NOS, and the AITL subtype of PTCL. Cases of ALK+ ALCL and ALK− ALCL were interspersed in unsupervised analysis, suggesting a close relationship at the molecular level. They furthermore identified an miRNA signature of seven miRNAs (5 upregulated: miR-512-3p, miR-886-5p, miR-886-3p, miR-708, miR-135b; 2 downregulated: miR-146a, miR-155) associated with ALK+ ALCL cases. Finally, an 11-miRNA signature (4 upregulated: miR-210, miR-197, miR-191, and miR-512-3p; 7 downregulated: miR-451, miR-146a, miR-22, miR-455-3p, miR-455-5p, miR-143, and miR-494) differentiates ALK− ALCL from other PTCLs. Whether this classifier may outperform routine classification remains to be tested.
Cutaneous lymphomas
IgG4 disease remains a hot topic. Brenner et al. (32) investigated MZL for IgG4 expression because, in their words, it was only partially studied. They collected a series of 169 MZL that had clear plasmacytic differentiation, including 49 primary cutaneous (c) MZL. From the 20 IgG4-positive cases, 19 were cMZL, being 39 % of the cMZLs. None of the patients had preexisting IgG4 disease, and there were no morphological or phenotypical differences with IgG4 negative cases. Nevertheless, in case IgG4 expression is found in a B cell lymphoma in the skin, it is likely that it is a cMZL.
New entities/subtypes
Mollejo et al. (33) collected cases of lymphoproliferation in patients with hepatitis C. They found that not only splenic marginal zone lymphoma, follicular lymphoma, and diffuse large B cell lymphoma ca be associated with hepatitis C but also two poorly described groups of cases. The first group consisted of disseminated MZL without splenic MZL features; the other consisted of monoclonal B lymphocytes in the peripheral blood, bone marrow or other tissues, with no clinical or histological evidence of lymphoma.
BCL2 negative follicular lymphoma remains intriguing and may actually often be nodal (N) MZL (34). Adam et al. (35) collected 22 FL (out of 240 cases) that were negative with the standard BCL2 antibody. We have previously shown that in case there is a BCL2 chromosomal break, alternative antibodies will stain the lymphoma cells (36) , which was confirmed in this study: 11 of the 12 cases with a BCL2 break were positive with an alternative BCL2 antibody. The 10 cases that were negative for a chromosomal break in the BCL2 locus did not stain for any BCL2 antibody, 2 had a BCL6 break and 6 were CD10 negative. Although the authors conclude that this is a special subgroup of FL, the data actually fit well with the idea that these cases represent NMZL.
Recent reports indicate that small intestinal T cell lymphoproliferations seen in the setting of celiac disease are not always aggressive enteropathy-associated T cell lymphomas (EATL). Margolskee et al. (37) describe three cases of indolent small intestinal CD4+ T cell lymphomas in refractory celiac disease patients. All patients presented with diarrhea and weight loss, and small intestinal biopsies showed crypt hyperplasia, villous atrophy, and a dense lamina propria infiltrate of small-sized CD4+ T cells often with CD7 downregulation or loss. Gastric and colonic involvement was detected in two of the three patients. Persistent, clonal TCRβ gene rearrangement products were detected at multiple sites. Two patients are alive, with persistent disease (4.6 and 2.5 years postdiagnosis) despite immunomodulatory therapy; one patient died due to bowel perforation related to large cell transformation 11 years after the diagnosis. Another indolent PTCL is described by Hayashi et al. (38) . Of their 277 PTCL-NOS cases, 10 were T cell lymphomas composed of clonal small-sized cells with slight nuclear atypia and few mitosis and low Ki67. All were CD3 positive and remarkably five were also CD20. Eight of the patients had extranodal involvement (5 patients, spleen; 3 patients, thyroid), and five patients were at clinical stages I or II. Five patients received chemotherapy, whereas for three patients, treatment consisted only of observation following surgical resection of the spleen or thyroid. Nine patients were alive at a median follow-up time of 19.5 months, whereas one patient died of an unrelated disease. The present study strongly indicates that T cell lymphoma with small-sized lymphoma cells and a low Ki-67 labeling index is a distinct variant. The authors conclude that recognition of this lymphoma subtype, which may have a benign clinical course, seems important. Alternatively, one may wonder whether the clonality testing was important in the diagnosis in both studies of Margolskee and of Hayashi and that the fact that clonal T cell proliferations at extranodal sites may be due to a restricted repertoire was not recognized (39) . More indicative than clonality alone of a malignant disease are chromosomal rearrangements. In the spectrum of cutaneous T cell lymphoproliferations, it is difficult to predict the clinical course based on histology alone. Karai et al. (40) describe 11 cutaneous lymphoproliferative lesions with morphological malignant features but benign clinical course like in lymphomatoid papulosis. These cases were distinctive in that there was a chromosomal rearrangement of the DUSP22-IRF4 locus on 6p25.3. All patients were older adults (67 to 88 years) with predominantly localized lesions and clinical presentations suggesting benign inflammatory dermatoses or low-grade epithelial tumors. The lesions showed a biphasic growth pattern, with small cerebriform lymphocytes in the epidermis and larger transformed lymphocytes in the dermis. No patient developed disseminated skin disease or extracutaneous spread, and untreated lesions regressed spontaneously. The findings emphasize the importance of combining clinical and pathological features in the diagnosis of cutaneous lymphoproliferative disorders.
Pitfalls in lymphoma diagnosis
The interest in the reliability of pathological diagnosis had increased due the relevance of a correct diagnosis now that there is an increasing number of therapeutical options. Chang et al. (41) reviewed 406 cases in Taiwan and found major differences in 222 (55 %) of the cases including 32 (14 %) changes from malignant to benign disease. The authors suggest that the limited use of ancillary techniques by general pathologists is an important reason for discrepancy. This discrepancy rate is much higher than the other found in a recent study from the Netherlands, although also in that study, still almost 10 % major discrepancies were found (42) . It is clear that special expertise is needed for correct diagnosis and classification of lymphomas, but even then, there are important issues like the distinction between FL and NMZL (see above). Dyhdalo et al. (43) looked carefully at the patterns of the staining of germinal center cell markers CD10, BCL6, and LMO2. Forty-two cases of MZL involving lymph nodes and 88 cases of FL were examined, and they found commonly interfollicular staining for GC markers in FL but rarely in MZL, including BCL2-positive and BCL2-negative cases. Furthermore, atypical patterns of intrafollicular GC staining were more common in MZL than in FL. Nevertheless, a positive marker for NMZL would be extremely helpful for their recognition. Bob et al. (44) investigated 60 nodal lesions with marginal zone and monocytoid B cells on the expression of IRTA1 and T-bet, markers that stain marginal zone cells. Remarkably, the cases were divided into malignant and benign based on light chain restriction and clonality testing, and subsequently, architectural features were analyzed. Generally, this is done in the reverse order, but actually, the result is the same: all non-clonal lesions were architecturally benign. More important was the staining with IRTA1 and T-bet. These markers stained all reactive cells and 90 % of the malignant cases. Specificity was not studied since no other lymphoma types were involved in this study.
Prognostic factors in lymphoma
Several journals have now debates on the progress of science, and especially, the amount of money that goes into studies on prognostic markers is mentioned as a waste of time and money. I have already pointed out in previous reviews of the literature that predictive studies are more important than prognostic ones, since the latter are very rarely used in routine practice, but also in this review, most cited articles deal with prognostic factors. Should I stop quoting them? Not yet, I think. Even though I do think that it is unlikely that any of the following markers will ever be used in routine practice, the data may still lead to better understanding. Although I agree with the complaint that scientists nowadays write so much that they do not have the time to read, this is certainly not the case for most readers of the Journal of Hematopathology. So in brief, a series of prognostic studies but first a predictive one.
Narayan et al. (45) found promoter hypermethylation of the PCDH10 gene in 57 to 100 % of both primary B and T cell lymphoma specimens and cell lines but also in 29 % of cases of reactive follicular hyperplasia. Both T and B cell lymphoma cell lines with methylation-mediated inactivation of PCDH10 were resistant to doxorubicin treatment, suggesting that hypermethylation of this gene might predict absence of chemotherapy response.
Koh et al. (46) looked for prognostic factors in the microenvironment of cHL and focused on angiogenesis. They investigated 167 cases of cHL and found that COX-2 expression was associated with a lower overall survival rate and high MVD with a lower event-free survival rate. Reporting two different outcome values already suggest that significant associations were sought for, rather than have a hypothesis drive the statistical evaluation. Furthermore, COX-2 and VEGF expression correlated with angiogenesis and tumor progression. The authors suggest that their findings support targeting COX-2 as a potential new therapeutic approach in cHL. This is a very common mistake, thinking that a factor that is prognostically relevant therefore is a good target for treatment.
Single nucleotide polymorphisms (SNP) indicate differences in gene function and may occur in miRs. Navarro et al. (47) looked for eight such SNP and miRs in 148 cHL samples and found that this approach can add useful prognostic information on treatment-related toxicity and clinical outcome in Hodgkin lymphoma and can be used to identify patients likely to be chemoresistant or to relapse.
Grading of FL remains a source of dispute, being not too reproducible. Wahlin et al. (48) graded FL in cases that were treated in two clinical trials using rituximab as monotherapy, and the results in both were the same, strengthening the results. Higher grades correlated with better treatment response and a longer time to the next treatment. They conclude that WHO grade 1 follicular lymphoma correlates with inferior outcome in patients who receive rituximab monotherapy. Maeshima et al. (49) confirmed the findings in an independent study. Similarly, Frei et al. (17) found that the prognostic impact of cyclin E expression in DLBCL disappeared in case rituximab is given. These results stress that prognostic factors need to be reinvestigated when new treatments are used (see above).
Hother et al. (50) investigated by miR profiling the mechanism that leads to aggressive lymphoma in ocular adnexal B cell lymphoma. They had a remarkable large number of DLBCL in that site (n=25) and compared these with 18 MZL (I have seen many cases of low-grade lymphoma at that site but very rarely a DLBCL). They conclude that there is more activation of the MYC and NFκB pathway in the aggressive lesions but also that some DLBCL had a profile that was similar to EMZL. miR was also assessed in cHL. Sanchez-Espitidion et al. (51) did global miR expression profiling on 29 advanced cHL patients and created a cHLmiR signature with 234 miRNAs differentially expressed. A subset of these miRs was associated with outcome and selected for study in an independent set of 168 cHL samples using quantitative reverse transcription polymerase chain reaction. A miR signature with miR21, miR30E, miR30D, and miR92B identified two risk groups with significant differences in 5-year FFS (81 % versus 35.7 %). Functional silencing of miR21 and miR30D in L428 cells showed increased sensitivity to doxorubicin-induced apoptosis. Also, this study therefore is a bit strange mix between drug target discovery and prognostic marker evaluation. Navarro et al. (52) used a similar approach in mantle cell lymphoma (MCL) and found in 30 leukemic MCLs a classifier that was confirmed in 29 other leukemic MCLs and 50 nodal MCLs. They came up with two groups that differed in immunoglobulin heavy chain mutational status, SOX11 expression, nodal presentation, and outcome. Goswani et al. (53) also used miR profiling in MCL with a training set of 119 cases and a validation set of 114 cases. They found 11 miRs differentially expressed between indolent and aggressive cases and two that indicated worse prognosis. Together with the Ki67 score, they created a prognostic model. Enjuanes et al. (54) used another profiling approach, namely genome-wide methylation, and identified a subset of MCL with high CpG methylation, which was correlated with the proliferation index and poor prognosis. However, even the well defined and validated, easy to apply biomarker Ki67 index is presently not in routine use (55, 56) .
Although there are good prognostic criteria in Mycosis fungoides for many years, Benton et al. (57) start their article with the statement, "There is no prognostic index for primary cutaneous T-cell lymphomas such as mycosis fungoides (MF) and Sezary syndrome (SS)." Using a multivariate analysis on 1,502 patients with external validation on 1,221 patients, they constructed two separate models each defined using three distinct groups for low and high stage patients: 0-1 (low risk), For the validation set, significant differences in OS and PFS in early stage patients were also noted. In late stage patients, only OS differed between the groups. Since the article combines different stages into only low and high stage, it is difficult to assess the additional value above classic staging.
Staging
Especially, PET-imaging may become an important tool in staging lymphomas, since it gives an overview over the total body and may have less sampling error than bone marrow biopsies (BMB). According to Khan (58) , PET-scanning identifies indeed more bone marrow positive patients in DLBCL staging (33 compared to 14 out of 130 patients). PET identified all clinically important marrow lymphoma localizations, while biopsy did not upstage any patient. As a secondary aim, they compared the prognosis of marrow involvement, as detected by PET-CT or biopsy. Cases with marrow deposits identified by PET-CT but not by biopsy had progression-free survival and overall survival similar to stage IV disease without involved marrow. This is in accordance with data from a study by Cortes-Romera (59) on 84 patients with DLBCL and 63 with HL in whom bone marrow infiltration was detected by PET/CT in 39 (26 %) and by BMB in 21 (14 %) cases. Discordant results were observed in 19 patients (14 %); 18 of them with positive PET/CT and negative standard BMB results. However, this study did not have clinical outcome data. The third study (60) on133 patients with DLBCL with a similar approach has also similar findings: 8 were positive according to the biopsy and 32 were positive with PET/CT. Twenty-nine patients (22 %) experienced recurrence or disease progression during follow-up, and 20 patients died (15 %). In multivariate analysis, only the International Prognostic Index and the PET/CT bone marrow status were independent predictors of progression-free survival, but only the International Prognostic Index remained an independent predictor of overall survival.
Moon et al. (61) performed a staging study in nasal type natural killer/T cell lymphoma in 52 consecutive patients with nasal-type NK/T cell lymphoma. Of the 59 nodal and 71 extranodal anatomic regions that were truly positive for malignancy (18), F-FDG PET/CT detected 58 nodal and 69 extranodal. PET/CT findings altered the original staging category for 12 patients (21.2 %) and affected treatment planning in 23 cases (44.2 %).
Ancillary techniques
Munoz-Marmol et al. (62) addressed the important issue of FISH-probe selection for determination of MYC status in B cell lymphomas in 91 aggressive B cell lymphomas. Detection of the MYC break in cases with IgH-MYC translocation was not a problem (13/13 detected with all 3 commercial probes, 2 break-apart, 1 fusion), but 7/13 non-IgH-MYC translocations were detected by only one of the break-apart probes, and MYC amplification was seen by the fusion probe as translocation. There is urgent need for a consensus guideline on this topic. Alternatively, MYC can be assessed by immunohistochemistry, but this does not give the same results as FISH testing. Oberly et al. (63) look with immunohistochemistry at MYC expression in a tissue microarray containing 62 MCLs and 29 controls. MYC IHC scores correlated with MYC RNA expression and weakly with Ki67 proliferation index. None of the 57 cases assessed, including all of the blastic cases, showed MYC rearrangement by fluorescence in situ hybridization. The MYC IHC score was an independent predictor of progression-free survival and overall survival.
In this time of doubt on scientific results, it is important that data from the literature are repeated and strengthened. Hartman et al. (64) undertook such a study by doing clonality testing on a large number of lymphomas and reactive lesions, thus repeating with much larger numbers the data from the Biomed 2 consortium on clonality testing (65) (66) (67) . They confirmed previously published clonality rates in various B cell, T cell, and Hodgkin lymphoma cases; that in reactive lesions clonality can be present for the IGH locus but frequently accompanied by additional polyclonal background that clonality for TCRG can found in some diffuse large B cell lymphomas. However, a new finding is that seven of the latter cases appeared to have arisen from an underlying peripheral T cell lymphoma. Finally, five cases with monoclonal TCRG rearrangements, originally diagnosed as Hodgkin lymphomas, were reclassified as T cell lymphomas.
Geurts-Giele et al. (68) claim that successive B cell lymphomas mostly reflect recurrences rather than unrelated primary lymphomas. They base their argument on a study in 36 patients with a second lesion after a first diagnosis of lymphoma. Based on clonality testing, they found that there were 30 recurrences, 2 possible recurrences, 2 different clones with a common origin, and 2 unrelated primary lymphomas.
West et al. (69) looked at two FL patients who developed Langerhans cell histiocytosis with clonality testing and claim that the two lesions have a clonal relationship. B cell clonality is not so convincing since only a few FL cells gives rise to a clonal result, but FISH for translocations is more convincing. These data suggest that enormous transdifferentiation may happen, which is actually a blow to the basis of our classification system.
